A nutritional survey was carried out to evaluate soil fertility status in major apple growing belts viz., Jubbal-Kotkhai, Karsog, Kalpa, Kotgarh and Naggar of Himachal Pradesh (India) situated in the core of Western Himalayas and also to study the effect of nutrient concentrations on influencing yield. Soil samples were collected from twenty five orchards for two years and concentrations of nitrogen, phosphorus, potassium, calcium, magnesium, iron, manganese, copper and zinc were determined. The soil macro-nutrients N, P, K, Ca, Mg in different locations were found in the range 95.11-202.58, 8.03-68.03, 53.11-278.07, 726.12-2727.11 and 126.28-446.10 ppm, respectively while, the micro-nutrients Fe, Zn, Cu and Mg varied from 31.27-78.23, 0.64-4.23, 1.18-4.80 and 9.97-52.11 ppm. Multiple regressions have been calibrated for predicting apple yields at different locations and for low and high yielding (>150 kg/tree) trees, where the models were found to have a high and significant predictability value. Using the data, fertilizer adjustment equations can be developed for prescribing optimum fertilizer doses for attaining high yields in the apple production areas in the Western Himalayas and indeed elsewhere with similar c1imatic and soil conditions.
Introduction
Apple (Malus x Domestica Boorkh.) has immense nutritional value amongst fruits and is advised on daily basis in diet by dieticians. Owing to its chilling requirement, apple is cultivated in temperate regions of the world in an area of 4.8 million hectares with 76.7 MT production (FAO, 2015) . In India, it is cultivated in high reaches of Himalayan region mainly in the states of Jammu and Kashmir, Himachal Pradesh, Uttaranchal and Arunachal Pradesh. In Himachal Pradesh it is a leading fruit crop cultivated on 107.7 thousand ha with 6.9 MT/ha productivity (NHB, 2014) . The low productivity as DOI : 10 .15740/HAS/AJSS/10.2/242-247 compared to 15.9 MT/ha on world basis has been ascribed to various factors such as varietal, soil fertility, topography of land and incidence of pests and diseases. Providing adequate nutrition to fruit trees is the utmost concern among farmers for enhancing growth, yield and quality of apple which is mandatory for sustainable production. The fertilizer schedule should be holistic in nature because there are synergistic and antagonistic effects in relative availability of different essential nutrients from soil. Fertilizer is one of the costliest inputs in agriculture and the use of right amount of fertilizer is fundamental for farm profitability and environmental protection (Kimetu et al., 2004 ). An increasing fertilizer price and growing awareness on environmental impact has increased interest in the optimal use of fertilizer for crop production. To enhance farm profitability under different soil-climate conditions, it is necessary to have information on optimum fertilizer doses for crops and it is important to provide to the farmer appropriate decision support tools that will allow them access to better fertilization (Robertson and Vitousek, 2009 ). The main aim of this study was to carry out an evaluation of soil fertility status of apple orchards and to assess the relationship between apple yields and nutrient status of soils.
Resource and Research Methods
The present studies were undertaken in major apple growing areas of Himachal Pradesh namely JubbalKotkhai, Karsog, Kalpa, Kotgarh and Naggar which contributes to more than 80 per cent of states production. Starking Delicious, which has a characteristic conical shape with deep red blush, is the main variety grown by farmers, hence was chosen for the study. At each location, five orchards (15-20 years old) were selected and in each orchard, twenty uniform and healthy trees were observed for two years. Representative soil samples were collected prior to application of fertilizers in the months of October-November from the basin of trees at 0-30cm depth one meter away from trunk. Composite soil samples were air dried in shade, grounded in pastle and morter and passed through 22 mm sieve. Available nitrogen was estimated by alkaline permanganate method (Subbiah and Asija, 1956 ) while, available phosphorus was extracted with 0.5 M sodium biocarbonate adjusted to pH 8.5 (Olsen et al., 1954) . Available potassium was extracted by 1 N ammonium acetate (Merwin and Peach, 1957) and estimated on flame photometer. Exchangeable calcium and magnesium were extracted with neutral ammonium acetate (Piper, 1966) . Micronutrients namely, iron, zinc, copper and manganese were extracted with DTPA extractant at pH 7.3 (Lindsay and Norvell, 1978) and determined on atomic absorption spectrophotometer ECIL model AAS 4129. The data of two years were pooled and analyzed in Randomized Block Design (RBD) with 5 replications (orchards) and 5 locations as treatments in accordance to Panse and Sukhatme (1985) . Multiple regression planes were sought out taking fruit yield as dependant variable and nutrient concentration in leaf as independent variable.
Research Findings and Discussion
The overall range and mean of available nutrients in soils and yield of apple orchards at different locations is presented in Table 1 . In the present survey, the mean of available nutrients N, P, K, Ca, Mg, Fe, Zn, Cu and Mn were recorded to be 150. 37, 36.94, 147.01, 1671.86, 293.35, 51 .75, 1.89, 2.39 and 27.45 ppm, respectively. Maximum concentrations of soil N, P, K, Ca, Mg, Fe, Zn, Cu and Mn were recorded at orchards of Karsog, Kotgarh, Jubbal-Kotkhai, Kalpa, Kotgarh, Karsog, Karsog, Karsog and Kalpa, respectively. The locations varied significantly with respect to available P, K, Ca, Mg, Fe, Cu and Mn in orchards at different locations. When the orchards were diagnosed by critical limits of availability (Table 2) , the soil N status was found low and medium in 24 per cent and 76 per cent of the orchards, respectively (Table 3 ). The low supplies of available N in soil, despite the high organic carbon content might be due to slow rate of organic matter decomposition in cooler climates of the area (Singh, 1987) and further could be attributed to the depletion of the added as well as mineralized N on the sloppy lands of the region (Sharma and Bhandari, 1992) . Ninety six per cent of the orchards were categorized as high in available P which could be attributed to high organic carbon and accumulation of P in the surface layers (Awasthi, 1993) . In the present survey, 44 per cent and 46 per cent of the orchards were diagnosed as medium and high, respectively for exchangeable K. Medium to high available K has been attributed to the presence of clay complex in the soils (Verma, 1987) of this region which is a mixture of muscovite, sericite, illite, vermiculite and kaolinite (Sharma, 1994) . All the orchards were categorized as high in exchangeable Ca and Mg which has been contributed to calcarious nature of parent material and precipitation of lime (Gawande et al., 1979) . All the orchard soils were found high in Fe status (Table 3 ) which might be due to presence of acidic to slightly acidic soil reaction, gypsiferous and ferrugenous limestone parent materials containing hematite and limonite (Wadia, 1966) . Medium to high Zn content recorded in the present survey might be attributed to improved management practices and high amount of organic matter in the surface soils. Bhandari and Randhawa (1985) found a positive correlation between available micronutrients and organic matter. Thirty six per cent of the orchards were identified as medium in soil Cu status, while rest fell in high range. Grewal et al. (1969) opined that the presence of organic  matter in surface soils may increase the availability of Cu by supplying complexing agents that interfere with copper fixation and there is increased use of Cu based pesticides by farmers (Sharma, 1994) . High Mn availability in orchards surveyed in the present study has been attributed to higher exchangeable Mn found in lower pH (Trehan et al., 1980) and high organic matter in the soils of these regions (Sharma, 1988) .
Multiple regression planes (Table 4) show that 64.99, 60.37, 54.14, 42.13 and 56.12 per cent variability in yield (Table 5 ). In the low yielding trees available K, Ca, Zn, Cu and Mn exhibited positive and highly significant effect on yield while P and Mg affected yield negatively. On the other hand, in high yielding trees only Mg showed positive and significant effect, while P and K affected yield negatively and highly significantly. From the regression planes it can be concluded that the significantly negative association of some nutrients, especially P and Ca may be attributed to their high content in soil which is counteracting the effect of other nutrients towards yield (Mamgain, 1990 and Sharma, 1994) . Such interaction has also been reported by Bingham (1975) , where excess of P encountered the uptake of Cu.
